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I INTRODUCTION AND SUMMARY 
This  r epor t  covers  work done during t h e  t h i r d  q u a r t e r  of Phase I1 
of t h i s  s tudy  of d i r e c t  bond formation between g l a s s  and p l a s t i c  i n  
g l a s s - r e in fo rced  p l a s t i c  m a t e r i a l s .  Phase I1 i s  concerned wi th  a lky la -  
t i o n  of surface-based s i l i c o n  atoms ( t o  produce Si-R groups) from reac-  
t i v e  in t e rmed ia t e  su r face  groups.  Phase I w a s  a s tudy of t h e  p repa ra t ion  
of r e a c t i v e  in t e rmed ia t e  s u r f a c e  groups ( e . g .  Si-C1 groups) from t h e  
a v a i l a b l e  su r f  ace-based s i l a n o l  (SiOH) groups.  
Peel  tests were run on g l a s s  and s i l i c a  r i n g s  t h a t  had been t r e a t e d  
t o  produce n-butyl groups on t h e  su r face :  
Contact angle  measurements were made f o r  a series of o rgan ic  l i q u i d s  
i n  c leaned  and on s u r f a c e - t r e a t e d  g l a s s  microscope s l i d e s .  
D i l a tome t r i c  measurements were made on s i x  specimens of g l a s s -  
I i i i e a  tih K r v - 6 1 ~  S i l i c o n e  elastomer.  T h i s  polymer is not  s a t i s x a c t o r y  
f o r  d i l a t o m e t r i c  eva lua t ion  of adhesion, because of i t s  low cohesive 
s t r e n g t h .  Polyurethane rubber  appears t o  be a s a t i s f a c t o r y  replacement 
f o r  t h e  s i l i c o n e  rubbers .  
Direct measurement of o r g a n i c  groups on g l a s s  or s i l i c a  of low 
s p e c i f i c  s u r f a c e  cont inues  t o  be a cha l lenge .  The procedure f o r  d e t e r -  
mina t ion  of carbon i n  s teel  w a s  adapted t o  a n a l y s i s  f o r  carbon compounds 
on glass su r faces .  The method i s  b a s i c a l l y  s a t i s f a c t o r y .  F u r t h e r  work 
i s  necessary  t o  permit  d i f f e r e n t i a t i o n  between carbon on t h e  g l a s s  and 
carbon i n  t h e  g l a s s .  
-
- 
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I1 DISCUSSION 
Peel  Tests 
Peel  tests were performed on g l a s s  c y l i n d e r s ,  by t h e  method descr ibed  
ear l ie r , ’  f o r  t h e  purpose of eva lua t ing  t h e  e f f e c t  of s u r f a c e  mod i f i ca t ion  
on g l a s s  and s i l i c a  m a t e r i a l s .  I n  Table  I a r e  summarieed t h e  d a t a  on 
p repa ra t ion  and t e s t i n g  of t h e  samples .  I n  F igure  1 a r e  shown t h e  record-  
e r  traces obta ined  du r ing  t h e s e  peel tests.  Because of t h e  wide f l u c t u -  
a t i o n s  i n  t h e  average pee l  f o r c e ,  t h e  p r e c i s e  va lue  of t h e  average was not  
c a l c u l a t e d .  The e r r a t i c  na ture  of t h e  traces i s  r e a d i l y  explained as due 
t o  s m a l l ,  but  f r e q u e n t ,  areas of the  t ape  t h a t  d i d  not  adhere t o  t h e  sub- 
s t ra te .  These areas are r e a d i l y  v i s i b l e  on t h e s e  t r anspa ren t  t a p e s  be- 
f o r e  t h e  t a p e  i s  un ro l l ed  f o r  app l i ca t ion .  The e x t e n t  of  occurrence of 
t h e s e  areas of poor bonding vary from roll t o  roll. They a r e ,  apparent ly ,  
r e l a t e d  t o  aging of t h e  t a p e  i n  the  roll. 
Specimens 1 and 2 (F igs .  l a  and l b )  w e r e  un t r ea t ed  Pyrex g l a s s .  
Specimens 3 , 4 ,  and 5 (F igs .  IC, I d ,  and le )  w e r e  f l u o r i n a t e d  with f l u o r i n e  
gas and then  hvclrnl!77Pd 7114 fh ...-+-- _ _ _  _ _ . rnr_J -..- - rOlllllGllC. ~ ~ 1 2  ~ b e u  LO maximize 
t h e  concent ra t  ion of sur f  ace-based hydroxyl groups,  which should r e s u l t  
i n  a m a x i m u m  va lue  f o r  t h e  c r i t i c a l  s u r f a c e  energy, and t h e r e f o r e  maxi- 
mum adhesion.  Specimens 6 ,  7 ,  and 8 (F igs .  I f ,  l g ,  and l h )  were f l u o r i -  
na ted  and a l k y l a t e d  wi th  n-butyl l i t h ium.  The r e a c t i o n  
\ -si - CI + n - C,hLi  
/ 
\ - S i  - n C4Hg + L i C l  
/ 
-+ 
should r e s u l t  i n  a s u r f a c e  i n  which \-SiOH groups,  o r i g i n a l l y  p re sen t ,  
are rep laced  wi th  
f 
1 Si-buty l  groups.  
0 
Among t h e  many f a c t o r s  which 
, 
’Report No. 6 ,  Quar t e r ly  Report No. V ,  Cont rac t  NAsr-49(14), May 26, 
1965. 
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Table I 
PEEL TEST DATA ON 2 1NCH-o.d. PYREX RINGS 
Sample No. 
1 
2 
3 
4 
5 
6 
7 
8 
Surface Treatment P r i o r  to Tape Applicat ion 
N o  t r ea tmen t .  
No t reatment .  
F luo r ina t ion  with Fz at  180°C i n  1 hour 
Hydrolyzed with d i s t i l l e d  water 
F l u o r i n a t i o n  with Fa at  180°C i n  1 hour 
Hydrolyzed with d i s t i l l e d  water  
F l u o r i n a t i o n  with Fz a t  180°C i n  1 hour 
Hydrolyzed with d i s t i l l e d  water  
F l u o r i n a t i o n  wi th  F, at  180°C i n  1 hour 
Alkylated with a 15% n-butyl l i t h i u m  s o l .  
F luo r ina t ion  with F, a t  180°C in 1 hour 
Alkylated wi th  a 15% n-butyl l i t h i u m  sol .  
F l u o r i n a t i o n  wi th  Fz at  180°C i n  1 hour 
Alkylated with a 15% n-butyl  l i t h i u m  s o l .  
NOTES: 
1. Fu l l - sca l e  d e f l e c t i o n  on cha r t  = 4 lb 
n - .  -~ _..___-.. --_.‘.”_, .. L11.,1111‘1. 
3 .  A l l  t r i c h l o r o e t h y l e n e  degreased be fo re  
t ape  app l i ca t ion  
4 .  Condit ioning done at  58% r e l a t i v e  
humidity a t  76OF. 
Tape 
Width and Type 
3/4  i n .  - Scotch 
g l a s s  f i l amen t  
3/4 i n .  - Scotch 
g l a s s  f i l amen t  
1 i n .  - Scotch 
Core NO. 0300 
3 /4  i n .  - Scotch 
g l a s s  f i l amen t  
3/4 i n .  - Scotch 
g l a s s  f i l amen t  
1 i n .  - Scotch 
Core No. 0300 
3/4 i n .  - Scotch 
g l a s s  f i l amen t  
3/4 i n .  - Scotch 
g l a s s  f i l amen t  
Cond i 
Before Wrapping 
5 days 
5 days 
16  hours  
5 days 
5 days 
16 hours  
5 days 
5 days 
Dning 
Af te r  Wrapping 
24 hours 
24 hours 
2 2  hours 
24 hours 
24 hours 
22 hours 
24 hours 
24 hours 
3 
2 .o 
ul 
e 
I 
w 
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8 
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FIG. lo PEEL TEST DATA FOR CLEAN GLASS 
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FIG. l b  PEEL TEST DATA FOR CLEAN GLASS 
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FIG. I C  PEEL TEST DATA FOR FLUORINATED-HYDROLYZED GLASS 
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FIG. Id PEEL TEST DATA FOR FLUORINATED-HYDROLYZED GLASS 
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FIG. le PEEL TEST DATA FOR FLUORINATED-HYDROLYZED GLASS 
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FIG. I f  PEEL TEST DATA FOR FLUORINATED-BUTYLATED GLASS 
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FIG. 1g PEEL TEST DATA FOR FLUORINATED-BUTYLATED GLASS 
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FIG. l h  PEEL TEST DATA FOR FLUORINATED-BUTYLATED GLASS 
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may c o n t r i b u t e  t o  adhesion t o  t h i s  s u r f a c e ,  two should be considered 
here:  t h e  e x t e n t  of b u t y l a t i o n  ( i . e . ,  t h e  popula t ion  of bu ty l  groups on 
t h e  sur f  ace ) ,  and t h e  ex ten t  of autohesion o b t a i n a b l e  from t h e  4-carbon 
bu ty l  group. Under t h e  cond i t ions  of t h i s  experiment i t  i s  probable  t h a t  
t h e  o v e r - a l l  conversion of Si-OH groups t o  Si-C,H, groups is  not  
more than  50% of t h e  t h e o r e t i c a l  maximum of 7 . 5  - 7 . 8  groups pe r  100 
square  A .  
0 
The a n t i c i p a t e d  e f f e c t  of such a s u r f a c e  l a y e r  of o rgan ic  groups on 
g l a s s  would be t o  reduce t h e  su r face  f r e e  energy of t h e  glass .  Two con- 
sequences should ar ise  from t h i s  e f f e c t :  t h e  con tac t  angles  between 
p o l a r  l i q u i d s  and t h e  s u r f a c e  should be g r e a t e r  than f o r  unmodified g l a s s  
( i . e . ,  t h e  modified s u r f a c e  i s  more d i f f i c u l t l y  w e t  by l i q u i d s ) ;  and t h e  
work of  adhesion of an o rgan ic  adhesive bonded t o  t h e  modified glass su r -  
f a c e  should be less than  f o r  a c lean  g l a s s  su r face .  
The e f f e c t  of autohesion,  i n  t h i s  case t h e  i n t e r t w i n i n g  or enmesh- 
ment of t h e  s t r a i g h t - c h a i n  b u t y l  groups wi th  t h e  polymer cha ins  i n  t h e  
adhes ive ,  may se rve  t o  i n c r e a s e  t h e  work of adhesion.  However, t h i s  
effect  may be s m a l l  f o r  t h e  s h o r t ,  4-carbon, bu ty l  group. 
I n  summary, one may p r e d i c t  t h a t  two opposing e f f e c t s  may be a t  
adhesion.  Further, t h e  w e t t a b i l i t y  of t h e  s u r f a c e  should be lowered. 
The pee l  test  d a t a  show t h a t  adhesion of commercial p ressure-  
s e n s i t i v e  t a p e s  t o  a f r e s h l y  generated,  hydroxyl-r ich g l a s s  sur f  ace 
(F igs .  IC, I d ,  and le)  i s  about twice t h a t  f o r  o rd ina ry  g l a s s  s u r f a c e s  
( F i g s .  l a ,  l b ) .  Comparing F igs .  IC ,  I d ,  and le sample N o .  3 f o r  a 
1 .0 - in .  -wide t a p e  r equ i r ed  approximately 20% h ighe r  pee l  f o r c e  than  
samples 4 and 5 (F igs .  d and e ) ,  which were f o r  0.75-in.-wide t a p e .  
The same d i f f e r e n c e  i s  found between sample 6 and samples 7 and 8 
(F igs .  I f ,  l g ,  and l h ) ,  where s a m p l e  6 was 1 . 0  i n .  wide and 7 and 8 were 
0 . 7 5  i n .  wide. 
I t  w i l l  be noted t h a t  d u p l i c a t e  p a i r s  of samples showed almost 
i d e n t i c a l  average pee l  s t r e n g t h s ,  i n  s p i t e  of t h e  point-by-point s c a t t e r  
8 
.. . . .  
i n  t h e  pen t r a c e s .  (Compare sample 1 w i t h  2, sample 4 wi th  5 ,  and 
sample 7 with  8 . )  These r e s u l t s ,  though l i m i t e d ,  show t h a t  t he  method 
g ives  reproducib le  r e s u l t s ,  and t h a t  i t  i s  s e n s i t i v e  t o  changes i n  t h e  
subs t  rate sur f  ace. 
F i n a l l y ,  a comparison of s a m p l e  N o .  6 (Fig.  If)  f o r  1.0 i n .  t a p e  
on a bu ty la t ed  s u r f a c e  wi th  sample N o .  3 (F ig .  IC) f o r  a 1 . 0  i n .  t a p e  
on a hydroxylated s u r f a c e  shows t h a t  b u t y l a t i o n  lowered t h e  work of 
adhesion t o  t h a t  s u r f a c e .  S imi la r  r e s u l t s  are found w i t h  samples 7 and 
8 (0.75-in.  t a p e  on bu ty la t ed  su r faces )  compared w i t h  samples 5 and 6 
(0.75-in.  t a p e  on hydroxylated su r faces .  However, i t  i s  found t h a t  ad- 
hes ion  t o  a bu ty la t ed  g l a s s  su r face  i s  g r e a t e r  than  t o  an o rd ina ry  glass 
s u r f a c e  (samples 1 and 2).  With t h e  d a t a  a t  hand one cannot assess t h e  
c o n t r i b u t i o n ,  i f  any, of autohesion t o  these r e s u l t s .  
Contact Angle Measurements 
For a c l ean ,  g lass  s u r f a c e ,  t h e  con tac t  angle  f o r  water  and or- 
g a n i c  l i q u i d s  should be zero  ( i . e . ,  the  glass should be completely 
wet ted.)  The p red ic t ed  e f f e c t  of b u t y l a t i o n  of a g l a s s  s u r f a c e  upon 
the  con tac t  angle  between t h a t  su r f ace  and p o l a r  l i q u i d s  w a s  d i scussed  
i n  t h e  preceding s e c t i o n  on pee l  tes ts .  By lowering t h e  s u r f a c e  f r e e  
energy of t he  g l a s s ,  b u t y l a t i o n  should r e s u l t  i n  an i n c r e a s e  i n  t h e  
c o n t a c t  angle  f o r  water and o t h e r  p o l a r  l i q u i d s .  Th i s  p r e d i c t i o n  i s  
v e r i f i e d  by t h e  d a t a  i n  Table I1 and Figs .  2a, 2b, 2c, and 2d. Contact 
ang le s  between a series of l i q u i d s  of decreas ing  p o l a r i t y  (or s u r f a c e  
t e n s i o n )  and g l a s s  were measured for a series of surface-modif ied glass 
microscope sl ides.  For a l l  l i q u i d s ,  t he  con tac t  angles  w i t h  c l e a n  
glass  s l i d e s  ( f o r  r e fe rence )  were zero  (complete we t t ing ) .  For a con- 
t ro l  series, i n  which c l e a n  g l a s s  s u r f a c e s  rece ived  t h e  same t rea tment  
( w i t h  n-butyl l i t h i u m ,  etc.  ) as t h e  halogenated sur f  aces, con tac t  
angleswere zero  f o r  a l l  l i q u i d s  except water. 
i s  probably due t o  s u r f a c e  contamination, or poss ib ly  t o  a s l i g h t  reac-  
t i o n  between n-butyl l i t h i u m  andsurface  Si-0-Li groups t o  produce 
butoxy groups.  
The 32O angle  f o r  water 
9 
Notebook 
No. and 
Page 
Benzyl 
Alcohol 
(yLv = 39.0) 
Table I1 
CONTACT ANGLES I N  DEQtEES FOR LIQUIDS ON SURFACE-MODIFIED GLASS 
M-Cresol 
CYLV x . 3 8 . 4 )  
Type of 
Surf ace 
Modif icat ion 
O0 
0 
33,18 
4,19,10 
36,32 
Blank: Cleaned i n  
acid -di  chromat e 
s o l u t i o n  
Control :  Cleaned 
and t r e a t e d  with 
n-butyl l i t h i u m  
P r o p x y l  at  ed 
Propoxylated and 
a lky la t ed  wi th  
n-butyle  l i t h i u m  
F luor ina t ed  and 
a lky la t ed  wi th  
n-butyl l i t h i u m  
O0 
0 
25,15 
4,22,22 
23,27,35 
Water 
(yLv = 72.8)* 
O0 
3 2' 
53, 61 
40,46 ,  50 
6 7 , 6 0 ,  49 
Liquids  
CYLv, dynes/cm @ 2o0c)* 
Hexachloro- 
butadiene 
(yLv = 36.3) 
00 
0 
18 ,18  
14 ,14  
22,24,26 
OC 
0 
0 
0 
0 
*Figures  i n  parentheses  are s u r f a c e  t e n s i o n  i n  dynes/cm f o r  l i q u i d s  i n  con tac t  w i th  s a t u r a t e d  vapor a t  20'. 
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Si-OH + n-C4H,Li 7 Si-OLi + n-C4Hlo 
Three methods of s u r f a c e  modi f ica t ion  were evaluated:  a s u r f  ace 
modified by n-propoxy groups w a s  prepared by e s t e r i f i c a t i o n  of hydroxyl 
groups wi th  n-propyl a l coho l ;  a su r face  modified wi th  n-butyl groups was 
prepared by r e a c t i o n  of a propoxylated s u r f a c e  wi th  n-butyl l i t h i u m ;  and 
a s u r f a c e  modified by n-butyl  groups w a s  prepared by r e a c t i o n  of a f l u o r -  
i n a t e d  s u r f a c e  wi th  n-butyl l i t h ium.  The con tac t  angles  of t h e  f i v e  
l i q u i d s  wi th  each of t h e  t h r e e  sur f  aces were comparable. T h e o r e t i c a l l y ,  
one would expect  t h e  n-butyl-modified s u r f a c e  t o  e x h i b i t  a h igher  con- 
t ac t  angle  than  a propoxylated su r face ,  and t h i s  w a s  found f o r  t h e  
f l uo r ina t ed -bu ty la t ed  samples ,  The s l i g h t l y  lower va lues  f o r  t h e  pro- 
poxyl a t  ed-but y l a t e d  samples, compared wi th  t h e  propoxyl a t  ed-only sample, 
may be ascr ibed  t o  t h e  incomplete  conversion of propoxy groups 
( 2 Si-O-C,H.,) t o  bu ty l  groups ( 3 Si-n-C,%). 
a l k y l a t i o n  w e r e  u l t i m a t e l y  hydrolyzed t o  >Si -OH groups,  r e s u l t i n g  i n  
a s u r f a c e  of h igher  f r e e  energy and t h e r e f o r e  lower con tac t  angles .  
Groups t h a t  escaped 
Figures  2a, b,  and c show t h e  p l o t  of t h e  da ta  i n  Table  11. The 
absc i s sa ,  c o d ,  i s  t h e  cos ine  of t he  measured con tac t  angle ,  and t h e  
o r d i n a t e  , yLV, i s  t h e  s u r f a c e  t ens ion  of t h e  l i q u i d ,  at 20°C, i n  con tac t  
w i th  i t s  s a t u r a t e d  vapor .  The p lo t  of such d a t a  u s u a l l y  g ives  a s t r a i g h t  
l i n e . 2  
C O S 0  = 1 . 0  is  t h e  c r i t i c a l  su r f ace  t e n s i o n  f o r  t h a t  s o l i d  s u r f a c e .  Fig- 
ure 2d shows a s imi la r  p l o t ,  from Fox and Zisman, of con tac t  angles  of 
a series of l i q u i d s  wi th  a polyethylene su r face .  The d a t a  for t h e  
su r f  ace-modif i ed  g l a s s  are p a r a l l e l  t o  t hose  f o r  polyethylene.  
The s u r f a c e  t e n s i o n  corresponding t o  t h e  po in t  on t h e  curve  a t  
2 W .  A .  Zisman, "Relat ion of t h e  Equi l ibr ium Contact Angle t o  Liquid and 
S o l i d  C o n s t i t u t i o n , ' '  p. 13, Chapter 1 i n  Contact Angle, W e t t a b i l i t y  
and Adhesion, Advances I n  Chemistry S e r i e s  N o .  43, American Chemical 
S o c i e t y ,  Washington, D. C . ,  1964. 
3H. W .  Fox and W. A.Zisman, J .  Colloid S c i . ,  I .  428 (1952) 
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Dilatometry 
The d i l a t o m e t r i c  method f o r  eva lu t ion  of adhesion between a poly- 
m e r  and a s o l i d  w a s  descr ibed  ear l ier . ’  
volume s y s t e m  i n  which t h e  change i n  p r e s s u r e  i n  t h e  sample c e l l  i s  com- 
pared wi th  the  p res su re  i n  a re ference  c e l l .  The sample c o n s i s t s  of a 
r e c t a n g u l a r  prism of an e l a s t i c  polymer which i s  r e in fo rced  w i t h  t h e  
s o l i d  i n  p a r t i c u l a t e  form. A s  t h e  sample i s  s t r e t c h e d ,  i n t e r f a c i a l  shea r  
f o r c e s  cause debonding and void formation.  The  volume i n c r e a s e  of t h e  
sample, due t o  t h e s e  voids ,  causes  an i n c r e a s e  i n  p re s su re  i n  t h e  sam- 
p l e  cel l .  
I t  i s  based upon a cons t an t  
The method r e q u i r e s  an e l a s t i c  polymer w i t h  s u f f i c i e n t  cohesive 
s t r e n g t h  t o  undergo an e longa t ion  of 50% or more. I n i t i a l  experiments  
were carried o u t  w i th  t h e  G.  E .  RTV-615, room-temperature-vulcanizing 
s i l i c o n e  rubber .  The cohesive s t r e n g t h  of t h i s  rubber  proved i n s u f f i -  
c i e n t  f o r  o u r  purpose.  
Future  work w i l l  make use of polyurethane e las tomers  which have 
much b e t t e r  phys i ca l  p r o p e r t i e s  than t h e  RTV-615 rubbers .  
Analysis  
Analysis  of surface-modified g l a s s  (or s i l i ca )  for t h e  amount of 
bound carbon and/or hydrogen h a s  presented  a major d i f f i c u l t y .  Unt i l  
t h i s  problem i s  so lved ,  an exac t  measure of t h e  ex ten t  of s u r f a c e  modi- 
f i c a t i o n  cannot be made. 
A few experiments have been performed f o r  a n a l y s i s  of p a r t i c u l a t e  
g lass  by t h e  method used f o r  de te rmina t ion  of carbon i n  steel .  T h i s  
method, u s i n g  t h e  Leco Combustion Apparatus,  involves  f u s i o n  of t h e  
sample  i n  an oxygen environment,  Successfu l  use of  t h i s  method f o r  
g l a s s  r e q u i r e s  t h a t  r e s i d u a l  carbon be known or e l imina ted .  P re l imi -  
na ry  work shows t h a t  t h i s  requirement can probably be m e t ,  and t h a t  
carbon may be measured t o  as l o w  as  about 10 p a r t s  per  m i l l i o n  w i t h  
r ea sonab le  accuracy,  
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Peel  T e s t s  
Peel  tests were performed, using t h e  method and appara tus  previous-  
l y  descr ibed . ’  
c y l i n d e r s  upon t h e  pee l  s t r e n g t h  of va r ious  commerical pressure-sens i -  
t i v e  t a p e s  i s  shown i n  Table  I and i n  F igu res  l a - l h .  The s u r f a c e  treat-  
ment f o r  g l a s s  and s i l i c a  r i n g s  was by f l u o r i n a t i o n  followed by a lky la -  
t i o n  wi th  n-butyl  l i t h i u m .  The type of  s u r f a c e  (c leaned ,  bu ty l a t ed ,  
e t c . )  i s  des igna ted  i n  each f i g u r e .  The f i g u r e s  show t h e  a c t u a l  record-  
i ng  of t h e  force- t ime r e l a t i o n s h i p s  du r ing  t h e  pee l ing  of t h e  t a p e  from 
t h e  g l a s s  c y l i n d e r .  
The e f f e c t  @ su r face  t rea tment  of g l a s s  and s i l i c a  
Contact  Angle Measurements 
Contact  angle  measurement w a s  used t o  e v a l u a t e  t h e  e f f e c t  of s u r -  
face t rea tment  of g l a s s .  Standard g l a s s  microscope s l i d e s  were used 
f o r  t h i s  work. Five sets, of t h r e e  s l i d e s  each,  were prepared: blank 
samples of glass p l a t e s  were cleaned wi th  dichromate c l ean ing  s o l u t i o n ;  
c o n t r o l  samples of glass p l a t e s  were c leaned  wi th  dichromate c leaning  
s o l u t i o n ,  washed, d r i e d ,  and t r e a t e d  wi th  bu ty l  l i t h i u m ;  t e s t  samples 
of glass  p l a t e s  were cleaned a s  above, and a lkoxyla ted  by t rea tment  a t  
180°C,  f o r  two hours ,  wi th  a l a r g e  excess  of p u r i f i e d  n-propyl a lcohol .  
(The a n t i c i p a t e d  r e a c t i o n  was f Si-OH + n-C3&OH + H,O + fSi-O-C3H7 .) 
This  w a s  done i n  a high-pressure au toc lave .  A f t e r  cool ing ,  t h e  s l i d e s  
were removed, a i r - d r i e d ,  and then  desorbed under vacuum); another  set 
of  test samples w a s  a lkoxyla ted  as above, fol lowed by a l k y l a t i o n  wi th  
n-butyl  l i t h i u m ;  and a f i n a l  set of test samples w a s  prepared by f l u o r -  
i n a t i o n  wi th  gaseous f l u o r i n e ,  followed by a l k y l a t i o n  wi th  n-butyl 
l i t h i u m .  
Contact angles  were measured by photographing t h e  drop of  l i q u i d  
on t h e  p l a t e  through a microscope. Tangents w e r e  drawn on t h e  en larged  
i m a g e s ,  and angles  were measured with a p r o t r a c t o r .  
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The d a t a  are shown i n  Table  11. Data f o r  t h e  t h r e e  t r e a t e d  s l i d e s  are 
p l o t t e d  i n  F igures  l b ,  2b, and 3b. I n  F igure  2d i s  shown, f o r  compari- 
son, t h e  r e s u l t s  of Fox and Z i sman  regard ing  t h e  con tac t  angles  of a 
series of l i q u i d s  on a polyethylene s u r f a c e .  
Dilatometry 
The d i l a t o m e t r i c  method f o r  eva lua t ion  of adhesion between a f i l l e d  
e las tomer  and p a r t i c u l a t e  ma te r i a l  used as a f i l l e r  i s  based upon t h e  
i n c r e a s e  i n  t o t a l  volume of a sample as voids  are formed, due t o  adhesive 
f a i l u r e ,  a t  po lymer-par t ic le  i n t e r f a c e s .  
The instrument  used f o r  t h i s  work was cons t ruc ted  a t  t h e  I n s t i t u t e  
under Contract  AF 33(600) -40560, and i s  t h e  proper ty  of t h e  U. S. A i r  
Force.  Permission t o  use t h i s  instrument  on a non in te r f e rence  b a s i s  
w a s  g ran ted  by t h e  owner. 
Samples f o r  d i l a t o m e t r i c  measurement were c a s t  from a 1: 1 mixture  
of g l a s s  powder (200 mesh) and GE RTV-615 S i l i c o n e  e las tomer ,  i n  t h e  
shape of r ec t angu la r  prisms 0 . 5  x 0 . 5  x 3 .0  i n .  Aluminum end t a b s  w e r e  
p laced  i n  t h e  mold p r i o r  t o  c a s t i n g .  The f i n i s h e d  samples were cured 
as p e r  t h e  recommendations of t h e  r e s i n  manufacturer .  
The samples w e r e  mounted i n  t h e  d i l a t o m e t e r  by means of t h e  alumi- 
num end t a b s .  A f t e r  mounting t h e  samples were e longated  a t  a p r e s e t  
ra te ,  and measurements were made of t h e  f o r c e  r equ i r ed ,  t h e  e longa t ion ,  
and t h e  change i n  p r e s s u r e  of t h e  sample c e l l  compared wi th  a r e fe rence  
ce l l .  
A l l  samples of t h i s  c l a s s  of s i l i c o n e  e las tomer  f a i l e d  i n  cohesion 
at an e longa t ion  t o o  low t o  be of va lue  f o r  adhesive s t u d i e s .  Therefore ,  
t h e  u s e  of t h e s e  e las tomers  was d iscont inued .  
Materials and equipment a r e  now being procured f o r  p repa ra t ion  of 
po lyure thane  e las tomer  samples. Th i s  formula t ion  of polyurethane has  
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proved s a t i s f a c t o r y  f o r  d i l a t o m e t r i c  s t u d i e s  of  s o l i d  p rope l l an t  formu- 
1 a t  i o n s .  4 
Anal y s i s 
Determinat ion of t h e  e x t e n t  of a l k y l a t i o n  of g l a s s  s u r f a c e s  has 
presented  a problem because of t h e  low concen t r a t ion  of a l k y l  groups 
on a weight  b a s i s .  The Seco Combustion Apparatus f o r  de te rmina t ion  of 
carbon i n  s t ee l  i s  under eva lua t ion  f o r  de te rmina t ion  of carbon on 
and/or i n  glass.  Pre l iminary  r e s u l t s  i n d i c a t e  t h a t  t he  method may prove 
t o  be s a t i s f a c t o r y .  The method i s  based upon t h e  f u s i o n  of a weighed 
sample of glass  i n  a s t ream of p u r i f i e d  oxygen. Carbon d iox ide  i s  re- 
moved from t h e  combustion products  by abso rp t ion  i n  a conduc t iv i ty  c e l l .  
The carbon content  of t h e  sample is c a l c u l a t e d  from conduc t iv i ty  mea- 
surements.  The data  c o l l e c t e d  t o  da te  f o r  carbon on g l a s s  are p re l imi -  
nary ,  and t h e r e f o r e  are not presented.  
I V  FUTURE WORK 
Work f o r  t he  f o u r t h  q u a r t e r  w i l l  be concent ra ted  on a n a l y t i c a l  
problems, i . e . ,  measurement of t h e  amount of carbon on a modified g l a s s  
s u r f a c e ,  and d i l a tome t ry  as a t o o l  f o r  measuring changes i n  adhesion t o  
g lass  sur f  aces. 
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